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Objectives. The present study was designed to evaluate the 
applicability of a pressure-flow equation for quantitative calcula- 
tion of recruitable collateral blood flow at coronary artery occlu- 
sion in conscious patients and to investigate the value of that 
index to predict 'uture ischemic events. 
Background. Recent experimental studies have indicated that 
recruitable collateral blood flow at coronary artery occlusion can 
be expressed as a fraction of normal maximal myocardial blood flow 
by simultaneous recordings of mean arterial, coronary wedge and 
central venous pressures, respectively. This index is called the 
pressure-derived fractional collateral flow and is independent of 
hemodynamic loading conditions. 
Methods. In 120 patients undergoing elective coronary angio- 
plasty, mean arterial, coronary wedge and central venous pres- 
sures were measured at balloon inflations of 2 min. All patients 
had a recent exercise electrocardiogram (ECG) with positive 
findings showing clearly distinguishable, reversible ECG abnor- 
malities, enabling recognition of ischemia at balloon inflation. 
Fractional collateral blood flow at angioplasty was calculated by 
coronary wedge pressure minus central venous pressure divided 
by mean arterial pressure minus central venous pressure and 
correlated to the presence or absence of ischemia at balloon 
inflation. Ischemic events were monitored uring a follow-up period 
of 6 to 22 months. 
Results. In 90 of the 120 patients, ischemia was present at 
balloon inflation, and in 82 of these patients, fractional collateral 
blood flow was -<23%. By contrast, in 29 patients, no ischemia was 
present, and fractional collateral blood flow was >24% in all 29. 
During the follow-up period, 16 patients had an ischemic event. 
Fifteen of these 16 patients were in the group with insufficient 
collateral flow (p < 0.05). 
Conclusions. To our knowledge, this study presents the first 
method for quantitative assessment of recruitable collateral blood 
flow in humans in the catheterization laboratory. Sufficient and 
insufficient collateral circulation can be reliably distinguished by 
this method. Use of this method can also help to provide more 
insight into the extent and behavior of the collateral circulation 
for investigational purposes and may have potential clinical 
implications. 
(J Am Coil Cardio11995;25:1522-8) 
Although the importance of the collateral circulation of the 
heart has been recognized for decades, no methods are 
currently available for quantitative assessment of coronary 
collateral blood flow in conscious humans (1,2). Despite the 
rapid developments of techniques to measure coronary artery 
blood flow in the clinical catheterization laboratory, the con- 
tribution of collateral blood flow to total myocardial perfusion 
cannot be measured separately, and collateral blood flow is 
therefore assessed only qualitatively, indirectly or simply ne- 
glected (2-6). However, it is well known in clinical practice 
that a coronary artery may become gradually or even suddenly 
occluded without causing myocardial infarction or even left 
From the Department of Cardiology, Catharina Hospital, Eindhoven, The 
Netherlands; and *Cardiovascular Center, Aalst, Belgium. 
Manuscript received May 31, 1994; revised manuscript received February 9, 
1995, accepted February 14, 1995. 
Address for correspondence: Dr. Nico H. J. Pijls, Department ofCardiology, 
Catharina Hospital, P.O. Box 1350, 5602 ZA Eindhoven, The Netherlands. 
ventricular dysfunction. Therefore, in a number of patients, 
collateral flow must be considerable or at least sufficient o 
meet the metabolic demands of the myocardium at rest. As 
shown by Schaper and Weihrauch (7) in a number of species 
and by Vanoverschelde etal. (8) in selected patients, collateral 
perfusion in the distribution of a totally occluded artery can 
vary widely and can be as high as 60% to 80% of normal 
maximal perfusion. 
We recently described (9-11) the theoretic basis and ex- 
perimental validation of a method that enables assessment of
recruitable collateral blood flow at coronary artery occlusion 
by the simultaneous measurement of mean arterial (Pa), 
coronary wedge (Pw) and central venous (Pv) pressures. Ac- 
cording to those studies, recruitable collateral blood flow (Qc) 
can be quantitatively expressed as a fraction of normal maxi- 
mal myocardial perfusion (QN): 
QdQ r~ = (Pw - Pv)/(P~ - Pv). [~1 
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The index Qc/Q N is called the pressure-derived fractional 
collateral blood flow and is independent of changes in heart 
rate, blood pressure and other hemodynamic variables (9,11). 
Because there is no quantitative method for assessing collat- 
eral flow in humans, direct validation of equation 1 is not 
possible, and only indirect proof for its validity can be ob- 
tained. For the purpose of such an investigation, under stan- 
dard hemodynamic conditions and in the absence of stenosis, 
maximal myocardial b ood flow in humans may be considered 
approximately four to five times that of rest flow (12,13). It may 
therefore be hypothesized that if fractional collateral flow, 
calculated from mean arterial, coronary wedge and central 
venous pressures exceeds 25%, then collateral blood flow will 
be sufficient to prevent ischemia t rest, even during coronary 
artery occlusion. The present study sought to 1) test this 
hypothesis and thereby obtain evidence for the applicability of 
this method in conscious humans during coronary angioplasty; 
2) investigate whether ecruitable collateral flow at coronary 
artery occlusion is useful for risk stratification and can be used 
to predict future ischemic events, as in restenosis or reocclu- 
sion of a dilated artery; 3) compare fractional collateral blood 
flow, as calculated by equation 1, with other presently available 
semiquantitative or qualitative indexes for collateral f ow as- 
sessment, such as angiographically visible collateral vessels or 
chest pain during balloon inflation at coronary angioplasty. 
Methods 
Patients. One hundred twenty consecutive patients (mean 
[+-SD] age 59 _+ 9 years, range 31 to 79; 91 men, 29 women) 
undergoing elective coronary angioplasty for single-vessel cor- 
onary artery disease (left anterior descending coronary artery 
in 48 patients, left circumflex coronary artery in 35 patients, 
right coronary artery in 37 patients) who fulfilled the following 
two criteria were included in the study: 1) New York Heart 
Association class III stable angina pectoris present for at least 
3 months; 2) positive results on the exercise test before 
angioplasty. Inclusion criterion 1 ensured the presence of well 
developed, steady state collateral circulation (1,14-16), 
whereas inclusion criterion 2 provided completely reliable 
means of determining the presence or absence of ischemia in 
the supplied myocardium atballoon inflation. 
Patients with a previous infarction or any other condition 
that would interfere with the unequivocal interpretation f the 
exercise test were excluded. All patients received aspirin 
(80 mg daily) beginning at least 24 h before coronary angio- 
plasty. Concomitant medications were not restricted. 
Before coronary angioplasty, collateral vessels to the in- 
volved artery on the diagnostic angiogram were classified 
according to Rentrop et al. (17) as follows: grade 0 = no visible 
collateral vessels; grade 1 = faintly visible collateral vessels 
without filling of the stenotic epicardial vessel; grade 2 = 
partial filling; grade 3 = complete filling of the stenotic vessel. 
Coronary angioplasty. At the time of angioplasty, a 6F 
multipurpose catheter was introduced into a femoral vein and 
advanced into the right atrium for central venous pressure 
recording. The angioplasty guide catheter was introduced into 
a femoral artery and advanced into the ostium of the coronary 
artery. A regular guide wire and balloon catheter were ad- 
vanced, and the balloon was positioned into the stenosis as 
usual. Just before inflation, the guide wire was removed, 
enabling a reliable pressure recording through the central 
lumen of the balloon catheter during subsequent balloon 
inflations. All inflations lasted 2 rain, and mean arterial, 
coronary wedge and central venous pressures were simulta- 
neously recorded uring all inflations. Both frontal and pre- 
cordial leads were used to monitor the electrocardiogram 
(ECG) during balloon inflations, allowing detection of isch- 
emia by comparison with the available xercise ECG. 
If the operator wished to evaluate the result, the guide wire 
was reintroduced, the balloon pulled back and contrast me- 
dium injected. If more balloon inflations were deemed neces- 
sary, the entire sequence was repeated. After a satisfactory 
result had been obtained, the procedure was completed as 
usual. Patients were discharged 36 to 48 h after the procedure. 
Data analysis and follow-up. Recruitable collateral blood 
flow was calculated by equation 1 and correlated to the 
presence or absence of ischemia on the ECG during balloon 
occlusion (the reference standard for this study). Angiographi- 
cally visible collateral vessels, presence of chest pain and a 
coronary wedge pressure <28 or ->28 mm Hg were correlated 
with the presence or absence of ischemia t balloon occlusion 
and evaluated by chi-square tests. A p value <0.05 was 
considered significant. Receiver operating characteristic curves 
were constructed for Qc/Q N, coronary wedge pressure and 
extent of angiographic collateral vessels and the areas under 
these curves calculated. In patients with several balloon infla- 
tions, intraclass correlation was performed to investigate 
differences between subsequent inflations. During a mean 
follow-up of 16 months (range 6 to 22), death, myocardial 
infarction and unstable angina with acute ischemia on the rest 
ECG, followed by angiography, were considered ischemic 
events and correlated with QjQN, as calculated at angioplasty. 
Results 
Coronary angioplasty. Angioplasty was successfully com- 
pleted without complications in 117 patients. In one patient, 
difficulties were encountered while readvancing the guide wire 
after the first balloon inflation; fortunately, the angiographic 
result had been satisfactory after the first inflation. This was 
the only procedural difficulty related to the specific measure- 
ment of collateral blood flow. In two patients, both with low 
recruitable collateral flow at balloon inflation, abrupt vessel 
closure occurred; one had emergency b pass urgery, and one 
had successful implantation ofa wall stent. In another patient 
with severe right coronary artery stenosis, the coronary artery 
was occluded at the time of angioplasty and could not be 
dilated. Therefore, pressure-derived recruitable collateral flow 
data were available for 119 patients. An example of simulta- 
neous pressure recordings at balloon inflation is shown in 
Figure 1. 
1524 PIJLS ET AL. JACC Vol. 25, No. 7 
QUANTIFICATION OF COLLATERAL FLOW June 1995:1522-8 
I I  
v V5 
8' BPM I0 mmtmV 
. . . . . . . . . . . . . . . .  ba l loon  !n f . la t ion  . . . . . . . . . . . . . .  
Ao 12880 (I081 {2001 
. . . . . . . . . . .  ARZ . . 341261 291 12001 . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . .  RA  " 12~B I 9} [ 2D] . . . . . . . . . . . . . . . . . . . . . . .  
• Pa ,  ew . . . . . . . . . . . . . . . . . . . .  / . . . . . . . . . . . .  PV  
r.m.o . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . .  
• i i i i i i i i i i i i i i  ! 
i i i  I . . . .  
. . . . . . . .  
25 mm/s 15 09 :32  17 Aug 92 
Figure 1. Example of the simultaneous recording of mean arterial 
(Pa), central venous (Pv) and coronary wedge (Pw) pressures during 
balloon inflation. Although mean coronary wedge pressure is 
-30 mm Hg, fractional collateral blood flow, represented by(Pw - 
Pv)/(P~ - Pv) is only 21%, and ischemia spresent, as shown by the 
electrogram. 
During balloon occlusion, mean arterial pressure showed a 
wide interindividual variation (range 61 to 141 mm Hg); 
coronary wedge and central venous pressures had respective 
ranges of 6 to 59 and 2 to 11 mm Hg. The values of recruitable 
collateral f ow calculated from these pressures and expressed 
as a percent of normal maximal myocardial perfusion are 
displayed in Figure 2. Ischemia was present at balloon inflation 
in 90 patients, 82 of whom had a Qc/Q N _<23%. By contrast, in 
all 29 patients without ischemia, QjQN was >24%. This cutoff 
value of 24% (at which the overlap between ischemic and 
nonischemic values was minimal) is close to the theoretically 
predicted value of 25%. It should be noted that although 
QjQN <24% was always associated with ischemia t balloon 
occlusion, a higher value did not always rule this out. 
The individual values of coronary wedge pressure at balloon 
occlusion are displayed in Figure 3. The best separation is
achieved at a coronary wedge pressure of 28 mm Hg. However, 
the overlap between ischemic and nonischemic values, is 
considerably larger than for QjQN. In our patients, two 
balloon inflations with simultaneous pressure recordings were 
performed in 50 patients and three or more inflations in 19. 
Fractional collateral blood flow at the first, second and third 
inflation was 20.7 _+ 10.2% (n = 119), 20.5 _+ 11.7% (n = 50) 
and 20.6 _+ 13.7% (n = 19), respectively (Fig. 4). The 
difference between Qc/Q N at the first and second inflation and 
the second and third inflation was 2.0 _+ 2.3% and 1.4 + 1.4%, 
respectively (p= NS), indicating that no further ecruitment of
collaterals occurred uring the procedure. Of the 50 patients 
with two or more balloon inflations, 40 experienced chest pain 
that was more severe during subsequent inflations in 6, less 
severe in 11 and did not change in 23. Only six patients had an 
increase and three a decrease in ST segment shift during 
subsequent balloon inflations. That these numbers are small 
probably reflects the select patient group and no correlation 
with variation of QjQN. 
Table 1 shows the relation between the presence or 
absence of ECG ischemia nd QjQN, angiographic appear- 
ance of collateral vessels, coronary wedge pressure alone 
(without mean arterial pressure and central venous pres- 
sure) and chest pain. The areas under the receiver operating 
characteristic curve were 0.97, 0.88 and 0.64, respectively for 
QjQN, coronary wedge pressure and angiographic collat- 
eral vessels. A perfect est result would be an area of 1.0. 
Therefore, of these indexes, QjQN most correctly predicts 
sufficient or insufficient collateral blood flow. During a mean 
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Figure 2. Values of calculated recruitable collateral blood flow (Qc) 
during coronary artery occlusion, expressed as a percent of normal 
maximal myocardial blood flow (QN), and its relation to the presence 
or absence of ischemia on the electrocardiogram. Solid circles indicate 
patients with, and open circles those without, an ischemic event during 
the follow-up period of 6 to 22 months. 
follow-up of 16 months (range 6 to 22), an ischemic event 
occurred in 16 patients (Table 2). Using the cutoff value of 
24%, all but 1 of these 16 patients were identified as having 
insufficient collateral blood flow at balloon inflation during 
the previous coronary angioplasty (relative risk 7.9, chi- 
square 5.38, p < 0.05). All events were related to the 
distribution of the dilated artery. Only one ischemic event 
occurred in patients with sufficient recruitable collateral 
blood flow (Fig. 2). Remarkably, 3 of the 16 patients with an 
ischemic event during follow-up had grade 2 or higher 
angiographically visible collateral vessels. Finally, the rela- 
tion between the extent of angiographic ollateral vessels 
and the calculated value of Qc/Q N was investigated and is 
presented in Figure 5. As shown, the absence of visible 
collateral vessels on the angiogram (grade 0) is often 
associated with low fractional collateral blood flow. By 
contrast, grade 1 or 2 visible collateral vessels do not 
guarantee sufficient fractional collateral flow, as indicated 
by the QjQN index. 
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Figure 3. Individual values of coronary wedge pressure (Pw) at balloon 
occlusion and its relation to presence or absence of ischemia on the 
electrocardiogram. Symbols as in Figure 2. 
experimental environment. There is an immense gap between 
the detailed and advanced basic scientific data about growth, 
development, recruitment, derecruitment and neurohumoral 
regulation of collateral flow in isolated preparations and 
animal models and its practical use in the clinical setting 
(18-25). The method used in the present study to derive an 
index of collateral flow from simultaneous pressure recordings 
is rapid, relatively simple and can be applied with standard 
equipment. In fact, it is only one part of a more universal 
Figure 4. Recruitable collateral blood flow (Qc) expressed as a 
N fraction of normal maximal myocardial perfusion (Q)  at the first (I), 
second (II) and third (III) balloon inflations (mean _+ SE). 
Qc/Q N (%) n=119 n=50 n=19 
Discuss ion  
Rationale of fractional collateral blood flow assessment. 
The ability to assess coronary collateral blood flow in the 
clinical catheterization laboratory is far behind that in the I -11 /~ 
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Table 1. Relations Between Presence or Absence of Ischemia 
on the Electrocardiogram and Four Variables for Assessing 
Collateral Extent 
Ischemia No Ischemia 
Recruitable fraction collateral blood flow* 
_<23% 82 0 
_>24% 8 29 
Angiographic ollateral vesselst 
Visible 18 20 
Not visible 72 9 
Chest pain:~ 
Present 76 14 
Not present 14 15 
Coronary wedge pressure§ 
_<28 mm Hg 80 13 
>28 mm Hg 10 16 
* Chi-square 85.2. t Chi-square 25.8. :]: Chi-square 16.8. § Chi-square 27.4. 
method that enables calculation of fractional myocardial and 
coronary flow reserve and fractional collateral blood flow 
(9,11). The method has been validated in animal models and, 
for myocardial flow, in humans as well (11). Because there is 
no presently available method for quantitative assessment of 
collateral blood flow in conscious humans, direct validation of 
equation 1 is impossible and can only be obtained indirectly. 
The most accurate cutoff value for Qc/Q N (24%) for indicating 
the presence or absence of inducible ischemia at rest during 
balloon inflation is close to the theoretically predicted value of 
25% and provides indirect but strong evidence for its accuracy 
in humans. 
In our study, collateral blood flow was expressed as a 
fraction or percent of normal maximal myocardial perfusion 
Qc/Q N (%) 
50 
40- 
30- 
20- 
= 
10- 
o 
o 
o8 
8 oo o 
0 0 
o 
oo 
8 
co o 
o 
o 8 
O 
o 
o 
DEGREE OF COLLAT. ON ANGLO 
Figure 5. Relation between degree of angiographically (ANGLO) 
visible collateral (COLLAT.) vessels according to Rentrop et al. (17) 
and calculated value of fractional collateral blood flow (QjQN). 
Abbreviations as in Figure 4. 
(i.e.,maximal myocardial flow if no abnormalities were present 
at all). This index, not measured directly but derived from 
pressure recordings, is called the fractional collateral blood 
flow. Relating collateral blood flow to maximal achievable 
Table 2. Characteristics of Patients With an Ischemic Event at Follow-Up 
Pt Gender/Age Extent of Angiographic Type of AT 
No. (yr) Collateral Vessels Qc/Q N (%) Pw (mm Hg) Event (days) 
12 M/58 0 13 15 UAP 477 
14 M/54 0 6 8 AMI 2 
23 M/60 0 9 12 AMI 574 
26 M/62 1 12 9 UAP 1 
31 M/60 3 17 33 AMI 4 
47 F/61 2 14 15 AMI 189 
48 M/78 2 26 28 UAP 468 
72 M/53 f 5 12 UAP 3 
76 M/57 0 8 15 UAP 108 
79 M/63 0 20 20 UAP 220 
80 F/45 1 14 16 AMI 1 
85 F/53 0 20 32 UAP 151 
90 M/48 0 11 14 UAP 29 
91 M/46 0 6 7 UAP 78 
99 F/46 0 18 20 UAP 176 
103 F/48 0 14 17 UAP 165 
AMI = acute myocardial infarction; F = Female; M = male; Pw = coronary wedge pressure at balloon occlusion; 
Pt = patient; QjQN = fractional collateral blood flow expressed as percent of normal maximal myocardial blood flow; 
AT = time between coronary angioplasty and ischemic event at follow-up; UAP = unstable angina pectoris; 0= no visible 
collateral vessels; 1 = faintly visible collateral vessels without filling of the stenotic epicardial vessel; 2 = partial filling; 
3 = complete filling of the stenotic vessel up to the stenosis. 
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myocardial flow requires further clarification. In this context, it
should be emphasized that expressing collateral flow as an 
absolute volume in ml/min is meaningless because the myocar- 
dial distribution to be perfused isunknown and varies widely in 
different arteries and different subjects. Moreover, the abso- 
lute volume of collateral f ow is strongly dependent on hemo- 
dynamic hanges, comparable to the limitations of absolute 
coronary flow reserve (13,18,26). By expressing collateral f ow 
as a fraction of normal maximal flow, these problems are 
circumvented, and in our previous animal validation study (9), 
we demonstrated that fractional collateral f ow is independent 
of arterial pressure between 50 and 150 mm Hg. Because 
fractional collateral f ow is independent ofloading conditions, 
we were able to identify a well demarcated range of sufficient 
and insufficient collateral blood flow values with little overlap. 
Recruitability of collateral vessels at balloon occlusion and 
use of the ECG as the reference standard for ischemia. Our 
study patients had class III angina for at least 3 months, and it 
was assumed that recruitable steady state collateral blood flow 
to the jeopardized myocardium had been well developed. This 
assumption was based on experimental data (1,14-16,27) and 
seemed to be confirmed by the observation that in those of our 
patients with multiple balloon inflations, no further increase in 
collateral contribution was observed (Fig. 4). 
All pressure measurements in the present study should have 
been performed at maximal vasodilation of the arteriolar bed 
distal to the site of balloon occlusion (9,11). Because we 
assumed that coronary artery occlusion in itself is a potent 
vasodilatory stimulus, no extra vasodilator drugs were admin- 
istered. However, in -25% of our patients, no ischemia was 
observed at balloon inflation, which could mean that the 
occlusion itself was a suboptimal hyperemic stimulus. If an 
additional vasodilatory stimulus had been administered, an 
even higher value of QdQ N might have been observed. There- 
fore, the values on the right side of Figure 2 could be 
underestimated. Because the differentiation between sufficient 
and insufficient collateral f ow would have been even better in 
that case, we believe that the conclusions of our study are still 
valid despite our decision ot to use additional pharmacologic 
agents to achieve vasodilation. 
To perform the present study it was necessary to have a 
reference standard to confirm or exclude ischemia t balloon 
occlusion. This was achieved by selecting patients on the basis 
of easily recognizable, reversible ECG abnormalities at isch- 
emia. Recent positive xercise ECG findings were available for 
all of our patients, and we used the same leads for ECG 
monitoring during coronary angioplasty to display ischemic 
abnormalities in an optimal way. The exercise ECG could thus 
be compared with that at coronary artery occlusion and was 
used as the reference standard for the presence or absence of 
ischemia t balloon inflation. We not only compared fractional 
collateral blood flow with the reference standard, but other 
indexes of collateral f ow as well (e.g., angiographically visible 
collateral vessels, chest pain and coronary wedge pressure 
alone). All of these variables were inferior to Qc/Q N in 
correctly predicting ischemia. Ultrasound imaging of reversible 
wall motion abnormalities i  another eliable technique that 
could have been used to recognize ischemia t balloon occlu- 
sion but was not applied in the present study. 
Comparison of Qc/Q N with angiographically visible collat- 
eral vessels and coronary wedge pressure and long-term 
follow-up. As shown in Figure 5, the relation between degree 
of angiographically visible collateral vessels and the calculated 
value of fractional collateral f ow is poor, so that angiographic 
assessment alone is not reliable to assess the risk of (re)occlu- 
sion of the dilated artery. A more reliable correlation is 
achieved with a contrast injection in the contralateral rtery 
during balloon inflation, as shown by Pick et al. (3,16). 
However, their methodology requires two-sided femoral artery 
canulation and is not feasible on a routine basis. From 
equation 1 in the present study it can be seen why coronary 
wedge pressure alone was found in the past to be of only 
limited value in estimating recruitable collateral blood flow. 
According to equation 1, a coronary wedge pressure of 
20 mm Hg in a patient with a mean arterial pressure of 
90 mm Hg and central venous pressure of 10 mm Hg indicates 
a recruitable collateral f ow of only 12.5% of normal maximal 
myocardial perfusion, whereas the same coronary wedge pres- 
sure in another patient with a simultaneously measured arte- 
rial pressure of 70 mm Hg and central venous pressure of 
0 mm Hg results in a collateral contribution of 29% of normal 
maximal myocardial perfusion. This example demonstrates 
that coronary wedge pressure alone does not reliably reflect 
the extent of collateral circulation, as assumed in some previ- 
ous studies (5,6). In fact, the dependency of classical indexes of 
collateral f ow on actual hemodynamic status is illustrated by 
that example: During the follow-up period of 6 to 22 months, 
15 ischemic events occured in those patients with insufficient 
recruitable collateral f ow (based on a QdQ y <24%) and only 
one event in the other patients (relative risk 7.9, chi-square 
5.38, p < 0.05). Therefore, although long-term natural pro- 
gression or changes in coronary artery disease may occur, 
Qc/Q y <24% can be considered a significant predictor of 
unstable angina or myocardial infarction should reocclusion of 
the dilated coronary artery occur. 
Clinical implications and limitations. The method de- 
scribed in the present study can be routinely applied in clinical 
practice with standard equipment and without significantly 
prolonging procedural time. Only an additional central venous 
catheter need be introduced to record central venous pressure. 
Removal and reintroduction of the guide wire through the 
balloon catheter iseasy and safe, as shown in our patients. The 
clinical implications of this study may be of interest. 1) This 
study provides insight into the distribution of recruitable 
collateral flow in patients with stable angina pectoris. As 
shown, fractional collateral blood flow ranged from 5% to 56% 
of normal maximal myocardial perfusion (Fig. 2). This finding 
means that collateral flow is not negligible, as is sometimes 
assumed for simplicity (28,29). Present methods for coronary 
flow assessment in the clinical catheterization laboratory, such 
as videodensitometry and Doppler flow velocimetry, are lim- 
ited by considerable overlap between ormal and pathologic 
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values (28-30). This overlap may be due in part to the 
substantial contribution of collateral flow. 2) during coronary 
angioplasty, patients at particular risk for extensive myocardial 
infarction due to reocclusion of the dilated coronary artery can 
be better identified. 3) The present method may be useful for 
quantitation and follow-up assessment of collateral blood flow 
for a number of investigational purposes, such as stimulation of 
collateral development by growth factors and the effects of 
drugs on recruitment. The major limitation of this method is 
that it can only be applied during angioplasty and not as a 
diagnostic procedure because coronary wedge pressure must 
be recorded during coronary artery occlusion. 
Conclusions. Despite some limitations, the present study 
provides valuable insights into the extent and distribution of 
recruitable collateral flow in a select group of patients with 
stable angina pectoris undergoing coronary angioplasty and 
provides a simple and routinely applicable method for quanti- 
tative study of an important but still inaccessible part of the 
coronary circulation in the clinical setting. It may thus help to 
bridge the gap between the sophistication of experimental 
studies of collateral blood flow and the clinical catheterization 
laboratory and may be important in identifying patients at high 
risk for extensive myocardial infarction in the event of reoc- 
clusion of the dilated artery. 
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